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'XULQJWKHVXEVHTXHQW\HDUVRIZDOOIXQFWLRQLQJWKHUHZHUHQRWLFHGDSSHDUDQFHVRIHIIORUHVFHQFHRIYDULRXVUDQJHDQGLQWHQVLW\
7KHLQIRUPDWLRQJDWKHUHGDOORZHGWRGHILQHWKHDUHDRIKLJKHVWHIIORUHVFHQFHLQWHQVLW\$IWHUWHQ\HDUVIRUHDFKZDOOIURPVHOHFWHG
SODFHPRUWDU VDPSOHVZHUH WDNHQ WR H[DPLQHPLFURVWUXFWXUHZLWKPHUFXU\SRURVLPHWU\PHWKRG7KH UHVXOWV VHUYHG WRHYDOXDWH
FKDQJHVRIPHVRDQGPDFURSRUHVLQPRUWDUVGXHWRH[WHUQDOHQYLURQPHQWLQIOXHQFH
,QWURGXFWLRQ
7KH FRQVWUXFWLRQ RI IDFLDO ZDOOV VKRXOG EH SUHSDUHG WRZRUN LQ ERUGHU FRQGLWLRQ ERWK LQ KXPLGLW\ DV ZHOO DV
WHPSHUDWXUHDVSHFW7KXVWKHW\SHRIPRUWDUXVHGLVVLJQLILFDQW6RPHVXJJHVWLRQVUHJDUGLQJPRUWDUVHOHFWLRQZHUH
LQFOXGHGLQ(XURFRGH,WVHHPVWKDWWKLVVXEMHFWZDVFRYHUHGFRPSUHKHQVLYHO\+RZHYHUWKHDQDO\VLVRIUHTXLUHPHQWV
DVVRFLDWHGZLWK(XURFRGHLQGLFDWHVWKDWLQWKHVHWRI(1VWDQGDUGWKHUHZHUHQRUHVHDUFKHVUHIHUULQJWKLVVXEMHFW
0XUDOPRUWDUVEHORQJWRDJURXSRIPDWHULDOVFKHPLFDOO\DFWLYHIRUZKLFKWZRNLQGVRIFRUURVLRQFDQEHGLVWLQJXLVK
LQWHUQDO DQG H[WHUQDO >@ 7KH EDVLF UHDVRQ RI FRUURVLRQ DUH LQWHUQDO IDFWRUVZKLFK LQFOXGH SURSHUWLHV RI EXLOWLQ
PDWHULDOVDQGWKHLUPXWXDOLQWHUDFWLRQV:HVRáRZVND>@+HQNHO>@9DQ9ODFN>@/DERUDWRU\UHVHDUFKHVOHGE\
%URFNHQ >@%UDFKDF]HN>@ FRQFHUQLQJPLJUDWLRQVRIFKHPLFDOO\DFWLYHFRPSRXQGV LQGLFDWH WKDWVROYHGFDOFLXP
K\GUR[LGHRXWIORZVIURPPRUWDUDQGGULHVXQGHUJRLQJFDUERQDWLRQ7KXVHVVHQWLDOUROHLVSOD\HGE\PRUWDUFRPSRXQG
([WHUQDO IDFWRUV LQFOXGH PRVWO\ VXOSKDWH VXOSKLGH DQG FKORULGH VROXWLRQV EXW DOVR JDVHRXV &2 DFLG UDLQV DQG
FKDQJHDEOHWHPSHUDWXUHVRIWHQH[FHHGLQJ]HURSRLQW>@
&RQVWUXFWLRQPRUWDUSOD\VLPSRUWDQWUROHLQOLPLWLQJKXPLGLW\SHQHWUDWLRQLQWRZDOOLQWHULRU,WVKRXOGFRQVWLWXWHD
EDUULHU WR UDLQZDWHUSHQHWUDWLRQDQGHQDEOH LWVHDV\H[LWRXWVLGH LQFDVH LWRFFXUV7KXV WKHPRUWDUPLFURVWUXFWXUH
VWDELOLW\LVLPSRUWDQW
5HVHDUFKPHWKRGV
2.1. Field station 
7KHILHOGWHVWVWDWLRQIRUUHVHDUFKZDVORFDOL]HGLQDUHDRIWKH8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\LQ%\GJRV]F]
3RODQG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SODFHGZLWKVLGHVIDFHGDWWKHZLQGGLUHFWLRQVWDWHGDFFRUGLQJWRUHSRUWVE\9RLYRGHVKLS,QVSHFWRUDWHRI(QYLURQPHQW
3URWHFWLRQLQ%\GJRV]F]3RODQG7KH\ZHUHEXLOWZLWKIXOOFOLQNHUEULFNLQDVHWZLWKHLJKWGLIIHUHQWPRUWDUVRIZKLFK
VL[KDGNQRZQPDWHULDOFRPSRVLWLRQDQGWZRRWKHUZHUHUHDG\PDGHZLWKLQGLFDWLRQIRUXVHLQIDFLDOZDOOVLQRUGHUWR
DYRLGHIIORUHVFHQFH)LJXUH)RUSXUSRVHRIWKLVDUWLFOHZDOOVZHUHFKRVHQZLWKPRUWDUVZKLFKFRPSRVLWLRQZHUH
JLYHQLQ7DEOH
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,QDVXFKGHVLJQHGZDOODQWLKXPLGLW\LQVXODWLRQZDVPDGHRQWZROHYHOV
x RQIRXQGDWLRQZDOOFPXQGHUJURXQGOHYHO
x FPDERYHWKHJURXQGOHYHO
7KH LQVXODWLRQ ZDV LQWHQGHG WR SURWHFW DJDLQVW ZDWHU PLJUDWLRQ IURP FRQFUHWH IRXQGDWLRQ DQG VHOHFW WKH DUHD
HQGDQJHUHGZLWKVSODVKZDWHU
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)LJ7HVWZDOOIRUILHOGUHVHDUFK±LQVXODWLQJWDUSDSHUXQGHUOD\±:ILWWLQJ±.ILWWLQJ±''ILWWLQJ
2.2. Preparation of samples for tests 
7KHDQDO\VLVFRYHUHGWZRJURXSVRIPRUWDUV
x LQLQLWLDOVWDWH±IURPSHUIRUPHGPDVVWKHUHZHUHODERUDWRU\VDPSOHVWDNHQWKDQIRUPHGLQWREHDPVVL]HG
[[PP$IWHUKWKHVDPSOHVZHUHGLVEDQGHGDQGWKHQFRQGLWLRQHGLQDFKDPEHUZLWKKXPLGLW\
DQGDPELHQWWHPSHUDWXUHRI&IRUWKHQH[WGD\V
x IXQFWLRQLQJLQZDOOVVXEMHFWHGWRH[SRVLWLRQWRH[WHUQDOFOLPDWHFRQGLWLRQVGXULQJ\HDUVIURPHDFKVHOHFWHG
ZDOOWKHUHZHUHVDPSOHVRIPRUWDUWDNHQPPWKLFNWKHPDWHULDOVRREWDLQHGXQGHUZHQWVDOWH[WUDFWLRQSURFHVV
WKURXJKPXOWLSOHULQVLQJDQGVRDNLQJ
6RSUHSDUHGVDPSOHVZHUHGULHGWRVROLGPDVV
2.3. Mercury porosimetry test 
0LFURVWUXFWXUHWHVWVZHUHGRQHZLWK$XWR3RUH,9VHULHVSRURVLPHWHUHTXLSSHGZLWKWZRSRUWVORZDQGKLJK
SUHVVXUHRIPD[LPXPYDOXHRISVLD03DZKLFKOHWVPHDVXULQJZLWKLQWKHUDQJHRIPHVRDQGPDFURVSRUHV
IURP QP GR ȝP %HIRUH WKH UHDO PHDVXULQJ WKH FDOLEUDWLRQ DQG EODQN WHVW ZHUH GRQH ± WR VHW YROXPH
FRPSUHVVLELOLW\DQGWKHUPDOHIIHFWRISHQHWURPHWHUXVHG%DVLQJRQFRQWUROPHDVXUHVLWZDVGHILQHGHTXLOLEULXPWLPH
RIV$VDUHVXOWRIPHDVXULQJRISUHSDUHGVDPSOHVWKHUHZHUHGHILQHGIROORZLQJVWUXFWXUHSDUDPHWHUVWRWDOSRUH
YROXPHVDPSOHYROXPHDQGLWVVNHOHWRQYROXPHSRUHYROXPHGLVWULEXWLRQLQIXQFWLRQRIWKHLUGLDPHWHUDVDQLQWHJUDO
DQGGLIIHUHQWLDOUHODWLRQ
3RUHYROXPHVKDUHZDVFDOFXODWHGZLWKDIRUPXOD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OHWVKRZWKHGLVWULEXWLRQRISRUHYROXPHLQIXQFWLRQRIWKHLUGLDPHWHU%DVLQJRQUHODWLRQEHWZHHQWKHGLIIHUHQWLDORI
YROXPHIXQFWLRQDQGSRUHGLDPHWHUGLIIHUHQWLDOFXUYHRISRUHGLVWULEXWLRQZDVREWDLQHGZKLFKOHWVWDWHWKHGRPLQDQW
GLDPHWHUV)LJXUH
7DEOH%DVLFSDUDPHWHUVRIWHVWHGPRUWDUPLFURVWUXFWXUHVDPSOHV
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
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&(0,
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7RWDO3RUH$UHDPðJ      
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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3RURVLW\      

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SRURVLW\7DEOHE\DERXWSHUFHQWDJHSRLQWV$VDUHVXOWRI\HDUVRIIDFLDOZDOOVH[SORLWDWLRQWKHUHZHUHDOVR
FKDQJHVLQPRUWDUPLFURVWUXFWXUHFRQFHUQLQJPHVRDQGPDFURSRUHV7DEOH
7DEOH3HUFHQWDJHVKDUHVRISRURVLW\IRUVDPSOHVLQLQLWLDOVWDWHDQGDIWHU\HDUVRIH[SRVLWLRQ±DYHUDJHYDOXHV
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 
7RWDOSRURVLW\      

7KHPRVWFKDQJHVZHUHQRWLFHGLQ&(0,FHPHQWPRUWDUZKHUHPDFURSRUHVKDUHLQFUHDVHGIURPWR
7KH GHWDLOHG DQDO\VLV RI LQWHJUDO FXUYHV LQGLFDWHV WKDW LQFUHDVH RI SRURVLW\ LQ GLDPHWHUV ÂQP RFFXUUHGZLWK
FUHDWLRQRIDGGLWLRQDOGRPLQDQWGLDPHWHUHTXDOÂQP7KHVKDUHRIPHVRSRUHVLQFUHDVHGQHDUO\E\WLPHV
,Q FHPHQW PRUWDU ZLWK SODVWLFL]HU WKH YROXPH RI PDFURSRUHV LQFUHDVHG IURP  WR   7KLV LV GXH WR
VLJQLILFDQWO\KLJKHUSRURVLW\YDOXHVZLWKLQWKHUDQJHRIGLDPHWHUVÂQP,QWKLVUDQJHWZRGRPLQDQWGLDPHWHUV
ZHUHFUHDWHGLHÂQPDQGÂQP7KHPHVRSRUHVKDUHGHFUHDVHGWZRWLPHV&HPHQWOLPHPRUWDURFFXUUHGWREH
DPDWHULDOVROXWLRQWKHOHDVWVXVFHSWLEOHWRORQJWHUPHQYLURQPHQWLQIOXHQFH7KHQRWLFHGFKDQJHVRISRURVLW\IURP
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&RQFOXVLRQV
,QWKHDUWLFOHWKHUHZHUHDQDO\]HGFKDQJHVLQPRUWDUVXQGHUPXOWL\HDUH[SRVLWLRQWRH[WHUQDOHQYLURQPHQW7HQ
\HDU H[SORLWDWLRQ RI D ZDOO FRYHUHG ZLWK HIIORUHVFHQFH FDXVHG FKDQJHV LQ PLFURVWUXFWXUH RI PRUWDUV 7KH PRVW
VXVFHSWLEOHRFFXUUHGWREHWKH&(0,FHPHQWPRUWDU$GGLWLRQDOSRUHVRIELJGLDPHWHUVÂQPRFFXUUHGLQLWZKLFK
DUH WKH HIIHFW RI RQJRLQJ GHVWUXFWLRQ$GGLWLRQ RI SODVWLFL]HU GRHV QRW LQIOXHQFHPHDQLQJIXOO\ WKH FHPHQWPRUWDU
GXUDELOLW\ 7KH PLFURVWUXFWXUH RI WKLV PRUWDU LV FKDUDFWHUL]HG DOVR E\ HVVHQWLDO PDFURSRUH LQFUHDVH 7KH OHDVW
PLFURVWUXFWXUHFKDQJHVZHUHQRWLFHGLQFHPHQWOLPHPRUWDU7KHPRUWDUSRURVLW\LQFUHDVHGVOLJKWO\ZLWKLQWKHZKROH
PLFURSRUHUDQJH7KHDGGLWLRQRIOLPHSRVLWLYHO\LQIOXHQFHGPRUWDUUHVLVWDQFHWRHQYLURQPHQWLPSDFW
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